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ABSTRACT 

NHTSA  has  conducted two cost,  weight  and  lead  time  studies  of  advanced  occupant  restl-aint 
systems.  The  purpose was to  develop  data  for  support  of  future  rule  making  initiatives  as  new 
technology  emerges.  The  objective  of this  Task (005) is to  present  a  comparison  of  the rmults 
and  bracket  representative  costs  of  these  systems  and  their  major  components. 

first  study,Task  001,  analyzed  the  following  occupant  restraint  systems: 

BMW  528i  MY  1998 - Driver  and  passenger  air  bag  systems  with  single  stage  inflatcrs, 
side  door  air  bag  systems,  front  seatbelt  systems  with  pretensioners,  a  passenger  se:!at 
occupant  sensor,  and  a  head  air  bag  system  (tubular  type),  kneebolster,  front  and  si :le 
crash  sensors,  and  control  module  electronics. 
Chrysler  Cirrus  MY I998 - Driver  and  passenger  air  bag  systems  with  single  stage  irilfla- 
tors,  front  seat  belt  systems  (no  pretensioner),  kneebolster,  front  crash  sensor,  and 
control  module  electronics. 

second  study,  Task 003, analyzed  the  following  occupant  restraint  systems: 

BMW 23 MY 2000 - Driver  and  passenger  air  bag  systems  with  dual  stage  inflators,  ,the 
passenger  seat  occupant  sensor,  control  module  electronics,  and  front  crash  sensor, 
Ford  Taurus MY 2000 - Driver  and  passenger  air  bag  systems  with  duel  stage  inflatclrs, 
front  seat  belt  systems  with  pretensioners,  control  module,  and  front  crash  sensors. 
Volvo  MY I999 - Head  air  bag  system  (curtain  type). 
KIA  MY  1999 - Driver  side  kneebolster  air  bag  system 

results  of  these two studies  are  presented in the  Chart  on  page iii. Variable 
manufacturing  costs,  dealer  costs,  and  estimated  manufacturers  (suggested)  retail  costs 
are  listed  for  each  major  subsystem. 

The  costs  between  similar  subsystems  vary  within  a  relatively  small  bracket.  This 
is due  to  design  and  material  differences  and  any  inflation  that  occurred  during  the  period 
between  the two studies.  These  data  also  bracket  the  cost  range  that  could  be  expected  -:or 
similar  units  sold  within  the U.S. in the  near  future. 

The  costs  for  similar  subsystems  can  also  be  interchanged  to  test  for  the  potentail  impacis 
of  different  restraint  system  combinations.  As  manufacturers  delegate  more  responsibility  to 
suppliers for the  packaging  of  occupant  restraint  systems,  this  kind of "mixing  and  matchii7g" 
w i l l  become  more  prevalent. it should  be  noted  that all costs  are  based  on U.S. Automotive 
(Detroit  area)  labor  and  material  rates. 

ii 
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1.0 - INTRODUCTION 
The  National  Highway  Traffic  Safety  Administration (NHTSA) recently  completed two 
comprehensive  cost  studies  on  advanced  occupant  restraint  systems.  The  objectives of those 
efforts  were to develop  data  for  support of hture rule  making  initiatives as new  technology 
emerges.  The  objective of this  task  is to compare  the  results of these  studies  and to present  the 
bracket  within  which  the  systems,  and  their  components,  costs  lie. 

The  systems  studied  under  Task  Order 001 are: 

BMW 52% MY 1998  driver,  passenger,  head  and  door  air  bag  systems,  the  seat  belt 
system with a  pretensioner,  and  kneebolsters.  Also  included  were  a  passenger  seat 
occupant  sensor,  a  control  module  that  controls  both  the  fiont  and  side  air  bags,  a  battery 
disconnect  unit,  and  fi-ont  and  side  crash  sensors.  All air bag  systems  contained  single 
stage  inflators. 

Chrysler  Cirrus MY 1998  driver and passenger air bag  systems  with  single  stage  inflators: 
a 'Yypical"  seat  belt  system,  and  kneebolsters. 

Those  systems  evaluated  under Task Order 003 are: 

Ford  Taurus MY 2000 driver  and  passenger  air  bag  systems,  fi-ontal  crash  sensors,  a 
control  module,  and  the  fi-ont  seat  belt  systems  with  a  pretensioner.  The  Ford  system 
responds to different  crash  conditions  by  offering  dual  stage  inflators. 

BMW, MY 2000,23 driver  and  passenger air bag system with  dual  stage  inflators,  and 
an  occupant  detection  system  (does  not  include  the  fi-ont  seat  belt  systems). 

Volvo  head  (curtain)  air  bag  system 

KIA Motors  knee  bolster air  bag  system 

The  resulting  costs and  lead-time  estimates are based on U.S., Detroit  area,  automotive  practice$, 
material costs and  labor  rates.  The  Following  Sections  discuss  the  results and other  supporting 
infhnation conducted  under  this  phase. 

1-1 
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2.0 - EXECUTIVE SUMMARY 

This Section  Summarizes the  costs and  lead-time  estimates for  occupant  restraint  systems  that 
were  developed  in two previous  Task  Orders.  The  estimates  presented  herein  are  confined to 
fiontal impact  systems,  except  for the BMW and  Volvo  head air bag  systems  which are designed 
to the head  in  side  impacts.  Task  Order  001 also included  a tear down  analysis of  the BMW door 
mounted  side  impact  air  bag  system  and  associated  satellite  crash  sensors.  However,  comparable 
systems  were  not  evaluated in Task  003.  Analysis  of  side  impact  systems  will  likely  be  conductec. 
at  a  later  date. 

The  systems  evaluated  under  Task  Order  001  were: 

The BNW 52% MY 1998  front  occupant  protection  system  including  driver and 
passenger air bag  systems  with  single  stage  inflators,  head  and door air bag  systems, fron: 
passenger  seat  occupant  sensor,  seat  belt  systems  with  pretensioners, knee bolster 
modifications,  fi.ont/side  crash  sensors,  electronic  control  module, wiring harness 
modifications,  and  a  battery  disconnect  system  (Figure  2-1). 

The  Chrysler  Cirrus MY 1998  driver  and  passenger  air  bag  systems  with  single  stage 
inflators,  a  "typical"  seat  belt  system,  knee  bolster  modifications,  a  control  module,  and 
wiring  harness  modifications  (Figure  2-1). 

Those  systems  evaluated  under  Task  Order 003 were: 

The  Ford  Taurus MY 2000 driver  and  passenger  air  bag  systems  with two stage  inflators, 
front  seat  belt  systems  with  pretensioners,  frontal  crash  sensor,  a  control  module,  and 
wiring  harness  modifications  (Figure  2-2). 

The BMW 23 MY 2000  driver  and  passenger  air  bag  systems  with two stage  inflators, 
and  a  passenger  seat  occupant  detection  sensor.  The  analysis  did  not  include  the  front  seat 
belt  systems,  control  module, or crash  sensors  (Figure  2-2). 

The  Volvo M Y  1999  head  (curtain  type) air bag  system  (Figure  2-3). 

The KIA Motors MY 1999  knee  bolster air bag  system  (Figure 2-4). 

Cost  comparisons of like  systems;  i.e.,  driver  and  passenger  air  bag  systems,  head  air  bag  system:;, 
seat  belt  systems,  seat  sensor,  and  knee  bolsters  are  presented in Tables  2-1  through 2-5. These 
systems  present  a  range of designs  fiom  the  basic  Chrysler  Cirrus MY 1998  fiontal  only  air  bag / 
3 point  belt  system, to advanced  systems  which  could  combine  the  Ford  Taurus MY 2000 frontal 
air bag, the  Volvo MY 1999  head air bag,  and the KIA MY 1999 knee bolster  air  bag. 

2- 1 
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BMW 528i OCCUPANT  RESTRAINT  SAFETY SYSTEM 
/WIRING  HARNESS [ 1 j 

0 
3 

VAR. MFG 

FRONT  SEA1 

(1) PRORATED 

CHRYSLER  CIRRUS OCCUPANT RESTRAINT SAFETY SYSTEM 
WRING  HARNESS (1 ) 

VAR. MFG. COST=$6.47 
WEIGHT= 2OLBS. 1 50Z, WEIGHT-OLBS. 6.902. 

VAR. MFG. COST= $234.50 
CLOCKSPRING (1 1 

WEIGHT=OLBS. 402. 
VAR. MFG.  COST $2.1 8 

DRIVER FRONTAL  AI 

FRONT  SEAT BELT SYSTEMS 
WEIGHT = 6LBS. 1 3.202. KNEE BOLSTERS (1 ) 

D.S. VAR. MFG.  COST-$18.23  WElGHT=2LBS.  13C :Z. 
PS. VAR. MFG.  COST=$17.W D.S. VAR. MFG. CO!;T=$1.44 

PS. VAR. MFG. co: ' r=$o.n 

AIRBAG  CONTROL  MODULE (ACM) 
WEIGHT-OLBS. 15.602. 

VAR. MFG.  COST=$71.57 

M 
ESS (1) 
i. 6.902. 

, COST= $234.50 VAR. MFG. COST=$6.47 

. BELT SYSTEMS 
KNEE BOLSTERS (1 ) 
WElGHT=2LBS.  13C :Z. 
D.S. VAR. MFG. CO!;T=$1.44 
PS. VAR. MFG. co: ' r=$o.n 

c Figure 2- 1 
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BMW 528i HEAD AIRBAG COMPONENTS Fm,4i sT4FI 

WEIGHT= 1 LBS. 9 .202 .  
VAR, MFG. COST=$42.50 \ A  

RE 

REAR SECURING STRAP 
VAR MFG COST=$O 86\ 1 

i 5  35 

VoIvo MY 2000 Side  Head Air Bag  System 
Weight: 2.10 Ibs. 
Var. Mfg. Cost: $39.10 

- 
1 Curtain Air Bag 1 Var. Mfg. Cost: $11 61 - 

Figure 2-3 
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! Installation: $3.85 
! Tier Supplier Markup. $9 34 1 
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Differences  in  cost  reflect  variances  in  design  and  cost  inflation  These  costs  bracket  the  range 
that  could  be  expected  for  various  vehicles  sold in the US at  this  period  in  time. 

c 

The  cost  comparisons,  and  major  reasons  for  any  differences,  are  discussed  in  the  following 
paragraphs. 

DRIVER  AND  PASSENGER  AIR  BAG SYSTEMS 

The  costs  of  the  four  systems,  the  Chrysler  Cirrus, BMW 528i, Ford  Taurus  and  the BMW 23 are 
presented in Table  2-1  and  Figures  2-1  and  2-2.  The  main  difference  in  the  systems  is  that  the 
Cirrus  and BMW 52%  use  single  stage  inflators  and  the  Taurus  and BMW 23 use  two  stage 
hybrid  inflators. 

The  driver  air  bag  systems  employ  pyrotechnic  devices  using  sodium  azide  for  both  the  single 
stage  and two stage  inflators.  These  units  require  stainless  steel  filter  screens to trap  the 
particulate  by-products  of  sodium  azide  combustion. 

The BMW 52%  and  Chrysler  Cirrus  passenger  side air bag  systems  employ  pyrotechnic  single 
stage  inflators.  The BMW 23 and  Ford  Taurus 2000 passenger air bag  utilize  stored  gas  with 
pyrotechnic  boosters  for  dual  stage  inflation.  This  is  called  a  hybrid  inflator.  The sodium azide  is 
more  expensive  than  stored  gas  and also requires  filters.  Stored  gas idlators require a more 
expensive  container  for the  stored  pressurized  gas. 

The  average  variable  manufacturing  cost  of  the  two-stage  pyrotechnic  driver  side  air  bag  is 
approximately  20%  higher  than the  average  variable  manufacturing  cost  of  the  single.stage 
pyrotechnic  driver  side air bag  system.  The  inflator  designs  utilize similar technology  and 
materials.  However,  dual  stage  inflators  require  a  container  large  enough for two distinct 
propellant  charges  versus  one  for  the  smaller  single  stage  design. A similar comparison  of  the 
passenger  side  air  bag  systems,  indicate  that  the  costs  for two stage  systems  are  approximately 
5% higher  than  the  single  stage  systems.  The  latter  difference  reflects  the  offsetting  costs  of  the 
sodium  azide  and  filters in the single  stage  with  the  pressurized  container for the hybrid two-stage 
system. 

SEAT BELT SYSTEMS 

The  costs  of  three  seat  belt  systems,  Chrysler  Cirrus, BMW 52% and the  Ford  Taurus  are 
presented  in  Table  2-2  and  Figures  2-1  and  2-2.  The BMW 528i  and  Ford  Taurus  systems  are 
similar in  design in that  both  employ  pretensioners.  Therefore,  costs  have  been  developed 
separately  for  the  belts and  pretensioners in these two systems  for  comparative  purposes.  The 
Chrysler  Cirrus  does  not  include  a  pretensioner  and  is  considered  as one system. 

2-1 1 
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3.0 - DISCUSSION - DESIGN DIFFERENCES; 
TASK ORDER 001 vs. TASK ORDER 003 

This  Section  presents  a  discussion  of  the  major  differences  in  the  selected  occupant  restraint 
systems  and  components  that  were  evaluated  in  Task  Orders  001  and  003.  As  discussed  in  the 
Introduction,  these  two  Tasks  were  conducted  to  develop  costs  of  selected  systems;  i.  e.,  BMW 
5281  (MY  1998)  Occupant  Restraint  System,  Chrysler  Cirrus/Doge  Stratus  (MY  1998)  Occups  nt 
Restraint  System,  Ford  Taurus  (MY  2000)  Frontal  Air  Bag  Systems  and  Seat  Belt/pretension e r 
System,  BMW 23 (MY  2000)  Frontal  Air  Bag  and  Front  Passenger  Seat  Occupant  Sensor,  Vol.vo 
(1  999)  Head  Air  Bag  Assembly,  and  the  KIA  (1  999)  knee  bolster  Air  Bag  Assembly. 

The  BMW  5281  and  Chrysler CirrudDodge  Stratus  units  (Task  001)  were  complete  front 
drivedpassenger  occupant  restraint  systems  (see  Figures  3-  1  and 3-2). That  is,  for  the  vehicle 
involved,  they  included  all  of  the  components  offered  by  the  manufacturer  for  the  safety  of  the 
front  occupants.  Specifically,  the  BMW  5281  system  included  frontal,  side  door,  and  head  air 
bags,  seat  belt/pretensioner  assemblies,  passive  knee  bolsters,  a  front  passenger  occupant 
detection  sensor,  front  and  side  crash  sensors,  a  battery  safety  terminal,  and  a  control  module 
with  a  diagnostic  system.  The  BMW  52%  system  was  the  most  comprehensive  approach  to 
occupant  safety  on  the  market  at  the  time  of  the  analysis.  The  Chrysler  Cirrus/Dodge  Stratus 
system  included  frontal  air  bags,  the  seat  belt  systems  (without  pretensioners),  and  passive knee 
bolsters,  a  front  crash  sensor,  and  a  control  module.  The  Chrysler  Cirrus  system  represented th: 
typical  approach  to  occupant  safety  found  in  most  vehicles  at  the  time  of  the  study. 

Schematics  of  the  BMW  528i  and  Chrysler  system  operation  are  presented  in  Appendix  A  along 
with  brief  descriptions  of  their  hardware.  This  information  was  included  in  the  previous  Task (101 
Final  Report  but  is  repeated  here  to  provide  a  comparison  of  different  levels  of  occupant 
protection  and  the  associated  cost  and  weight  therein. 

The  Ford  Taurus,  BMW 23, Volvo,  and  KIA  components  (Task  003)  are  partial  systems  and 
were  evaluated  to  present  the  cost  of  upgrades  in  technology  incorporated  into  production 
vehicles  since  the  earlier  Task  (001).  The  analyses  of  these  upgrades  provide  a  cost  for  current 
design  trends  as  well  as  cost  comparisons  of  similar  components  with  different  capabilities  (se ,: 

Figures 3-3,3-4,3-5 and  3-6). 

The  following  Sections  discuss  the  major  differences  between  these  systems  and  their 
components. 

3.1 - DRIVER  AND  PASSENGER  AIR  BAG  SYSTEMS: 

The  basic  difference  between  the  Task  Order  001  and  Task  Order  003  frontal  air  bag  systems  i :; 
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the changeover from single to dual stage  inflators  for  both  the  driver and passenger  positions. 'I he 
B W  5283  and the Chrysler  Cirrus  frontal air bag  systems  utilized  single  stage  inflators  while  the 
BMW 23 and the  Ford  Taurus  utilized  dual  stage  inflators.  The  dual  stage  inflators  were 
incorporated to provide  the  ability to vary the air bag  inflation  pressure  depending  upon  the 
severity  of  the  crash  and,  also,  the  size  of  the  passenger (as determined  by  weight). 

Protecting  vatious  size  occupants  throughout a wide  range of crash  scenarios is a  complex 
problem.  Utilization  of  dual  stage  inflators  is  only  one  step  toward  employment of an ideal  system 
that  protects all people in any  severity  of  crash. 

The  costs of the  four  different  driver  and  passenger air bag  systems, the Chrysler Cirrus, BMW 
5284 Ford  Taurus  and  the BMW 23,  are  presented in Table 3-1 and Figures 3-7,3-8,3-9,3-10: 
3-1 1,3-12,343,  and 3-14. The main difference in the systems,  as  stated  above, is that  the  Cinws 
and BMW 52% use  single  stage  pyrotechnic  inflators  for  both  driver and passenger air bags 
whereas  the  Taurus  and BMW 23 use  dual  stage  pyrotechnic  inflators  for  the  driver  bag and dud 
stage hybrid  inflators  for the passenger  bag. 

Pyrotechnic  inflators  require  stainless  steel  filter  screens  that  trap  residues from the burning solicl. 
material  before  the  gases  inflate  the air bags. Dual staging  is  accomplished  by  igniting  one or bo1 h 
sodium  azide  propellant  charges  depending  upon the crash  scenario.  The  cost  difference  betweer1 
the single  stage  and  the  dual  stage air bag  systems  is  in  the  use  of  one  versus two sodium  azide 
propellant  charges,  additional  wiring, and other  associated  electronic  components. 

The  driver air bag  dual  stage  inflator  presents  a  different  outer  surface  envelope  than  that  of its 
single  stage  counterpart. In both  cases, the  inflator  is  packaged inside the  steering wheel hub. A 
redesign  of  the  steering  wheel to accommodate  the  larger  dual  stage  inflator  envelope  is  required. 
However,  accommodation  of  the dual stage  innator  means only a  reshaping  of the wheel,  not an 
increase in material or change  in the basic  design.  Manufacturing  processes of the  steering  wheel 
remain  the  same.  Therefore,  there  is  no  additional cost in this area.  There is no change in the  basic 
air bag  design;  only  a  reshaping  of  the  interface  with  the inflatorhag  interface.  Consequently, any 
difference in the air bag cost  from  a single to dud stage inflation  system is not  significant.  The 
cover remains relatively the same in both  cases. Any change in costs  would  result from a  change 
in styling. 

The  average  variable  manufacturing  cost of the dual  stage  pyrotechnic  driver  side air bag is 
approximately 20% higher  than a siigle stage  pyrotechnic  driver  system  when  utilizing similar 
materials  and  design  concepts. 

The BMW 528i and Chrysler Cims passenger  side air bag  systems  employ  single  stage 
pyrotechnic  inflators.  The BMW 23 and  Ford  Taurus 2000 passenger air bag  systems  utilize 
hybrid dual stage  inflators  consisting  of  a  stored-gas  container  with two pyrotechnic  initiators ancl 
two boosters  for  deployment. This is  called  a  hybrid  inflator.  The  stored &as consists  of 
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Argon,  Oxygen, and Helium  pressurized to a  relatively high level.  Consequently,  the  hybrid 
requires  a  stronger,  and  more  expensive,  container  than  that  needed  for the pyrotechnic  inflator. 

There  are two offsetting  costs in these air bag  inflator  systems.  The  all-pyrotechnic  inflators 
require  relatively  expensive,  and  heavy,  stainless  steel  filters to remove  the  particulate  by-produc:ts 
of sodium  azide  combustion.  Stored gas  inflators  require  a  more  expensive  container  for  the 
pressurized  gas  than  that  required  for  the  sodium  azide  material.  These  different  design  features 
are  result in  offsetting  costs  between the two types  of  inflators. 

The  passenger  side air bag  support  housing and brackets  are  different  because  of  the Werent 
inflator eaerior envelopes.  There  isn’t  any  sigtuticant  difference  in costs in  this  area mainly 
because  it  is  a  reshaping  of  materials to accommodate  the  different  inflator  envelopes.  One  systelm 
is  not  significantly  larger  than  the  other.  There  are also some  other  differences  due to packaging 
within the  instrument  panel  mounting  support  structure.  The  air  bag  design  is  basically  the  same 
except  for  the  interface  with  the  inflator,  and  its  cost  is  not  significantly  changed.  The  cover also 
remains  the  same  in  design  and  cost  except for  easthetic  considerations. 

A comparison  of  the  passenger  side air bag  systems,  indicates  that  the two stage  systems  are 
approximately 5% higher  in costs  than  the single  stage  systems.  This  difference  primarily  reflectz, 
the  offsetting  of  the  sodium  azide and  filter  screen in the  single  stage  inflator  with  the  pressurized 
container  and  dual  boosters of the  hybrid  system. 

3.2 - SEAT BELT SYSTEMS 

The  costs  of BMW 528i,  Ford  Taurus,  and  Chrysler  Cirms  seat  belt  systems  are  listed  in 
Table 3-2 and in  Figures 3-15,3-16 and 3-17. The BMW 528i  and  Ford  Taurus  systems  are 
similar in design  in  that  both  employ  pretensioners.  Therefore,  costs  have  been  developed 
separately  for  the  belts  and  pretensioners  in  these two systems  for  comparative  purposes.  The 
Chrysler Cirrus does  not  include  a  pretensioner  and  the two assemblies  (belt  assembly  and  lower 
latch  assembly)  are  considered  as  one  system. 

Although  the BMW 52% and  Ford  Taurus  seat  belt  systems  are  similar  in  design  concept,  there 
are  some  variations  between  the two. For example, the  Taurus  seat  belt  system 
contains 50 discrete  components  while  the BMW contains  approximately 38 discrete  components. 
There  is also a  difference in the webbing  design.  The BMW belt  webbing is of  a simple  one-piew 
design  whereas  the  Taurus  utilizes  a  two-piece  swaged  webbing  design  that  requires an additiond 
assembly  operation. This accounts  for the difference in costs. 

The BMW 528i and Ford  Taurus  pretensioners  are also similar  in  design.  There  are  some 
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differences in that  the  Taurus has 29 discrete parts and the BMW 528i  has 33. The Taurus has ar 
embossed  bottom  cover  for  the  latch  that  the BMW 528i  does  not  have  which  adds  more  cost. 
Also, assembly  labor  content  is  greater  for the Taurus. When the  differences in material  and 
assmbly costs  are  considered,  the  Taurus  pretensioner  is  approximately 3% greater  in  cost  than 
that  of  the BMW. 

The  Chrysler  Cirrus  seat  belt  system  is  typical of most  systems  found in the U.S. marketplace.  The 
difference  in  cost  between  this  system  and those  discussed  above  provides  a  good  indication  of 
the incremental  costs  likely to be  incurred  when  adding  a  pretensioner to the  standard  3-point  belt 
system 

Percentage wise the  cost  for  this  type of upgrade to the Chrysler  system  would  be  approximately 
61% for  the  Ford  Taurus  pretensioner  and  28%  for  that of the BMW 528i. 

3.3 - HEAD AIR BAG SYSTEMS 

The  costs  for  the Volvo  and BMW 528i  head  air  bag  systems  are  presented  in  Table 3-3 and 
Figures  3-18,  and 3-19. The  difference  in  the  systems  is  that  the BMW unit  is  a  tubular  shaped  air 
bag  with a pyrotechnic  inflator  and  the  Volvo  air  bag  system  is  shaped  like  a  curtain  with a stored 
gas  pressurized  inflator. 

The BMW unit  consists of a  tubular  bag  stored  above  the  head-liner.  Upon  inflation,  the  unit 
breaks  down  through  the  head-liner  and  comes to rest  in an area  adjacent to the  front 
driver/passenger's  head. As the  tube inflates,  it  also  shortens  and  when hlly filled,  it  extends 
diagonally  from the window  fiame  just  forward  of  the C pillar to a  position  on  the A pillar  above 
the  instrument  panel. This location  results in the  tube  resting  above  the  driver/passenger's 
shoulder  when  inflated. 

The  Volvo  unit  is also stored  above  the  head-liner. It contains a bag in the  shape  of  a  "curtain" 
when  inflated.  The  curtain  is 55 inches  in  length  and 13 inches  from top to bottom when  inflated. 
It extends  from  just  a  few  inches aft of the A pillar to the C pillar  and is intended to protect  both 
the  fiont  driverlpassenger  and  the  rear  passengers.  The  bag  contains two sets of small  pillows; 
each  pillow is  3  inches  wide and 10 inches high, and 3 inches  deep.  The  first  set  is  located in the 
area of the  front  driver/passenger's  head  when  deployed.  The  second  set is located in the  area of 
the  rear  passenger's  head  when  deployed. A stored  pressurized  gas (80% Argon, 15% Oxygen 
and 5% Helium)  inflator is fired  by  a small charge  upon  a  side  impact. 

The  cost  differences  reflect  design,  material  and  assembly  differences.  Costs  of  a  sodium  azide 
inflator  versus a pressurized  gas  inflator  were  discussed  in  a  previous  Section  on  driver/passengei- 
air bags. Also, the  Volvo  curtain  type  head air bag  protects  both  fi-ont  and  rear  passengers  while 
the BMW protects only the driver  and  right  front  passenger. 
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3.4 - KNEE BOLSTER PADDED VS. AIR  BAG 

Costs  for  passive  padded  driver  side knee bolsters  and  a  driver  side  knee  bolster  with an air bag 
are  presented  in Table34 and  Figures  3-20,3-21  and  3-22. 

The  passive  knee  bolsters  evaluated  in  Task  Order 001 (BMW 52% and  Chrysler  Cirrus) 
represent  the  typical  panel  covered  with  padding  and an aesthetic  cover.  Normally,  without  the 
occupant  lower  extremity  safety  considerations,  there  would  be  a  panel in this  area  for  aesthetic 
purposes.  The  costs,  therefore,  have  been  prorated to cover  only  that  portion  attributed to that 
required  for  protection  of  the  lower  extremities. 

The air bag  knee  bolster  contains  an air bag  between  the  cover  and  the  steel  support  plate. A 
sodium  azide  assembly  inflates it. The  steel  plate  costs  have  also  been  prorated  at  the  bottom  of 
Table  3-4  in  consideration  that  a  panel  would  be  in  that  area  anyway, as discussed  above.  The 
cost  can  be  used to compare  with  a  typical  passive  knee  bolster. 

3.5 - OCCUPANT  DETECTION SENSOR FRONT  PASSENGER  SEAT 

c 
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c 

Comparative  costs  of  the BMW 23 and  the BMW 528i  occupant  detection  sensors  are  present in 
Table  3-5.  Photographs  of  the  two  sensors  are  presented  in  Figure  23.  The BMW 23 sensor  is a.1 

upgrade  fi-om  the BMW 52%  sensor.  The main  difference  is  in  the  placement  of the weight  sensclr 
nodes  (they  appear as black  circles).  The  sensor  assembly  consists  of  two  (2)  mylar  sheets  with a n 
electrical  conducting ink pattern  on  each  inner  surface  in  the  pattern  shown.  Electrical  resistance 
is  increased  when  a  load is applied to the  seat.  The  resistance  is  calibrated so that  it  is  equal to a 
measurement  of  weight.  When  the  resistance  is  increased to levels  equivalent to preselected 
weights,  the  logic  system  in  the  control  module  senses  the  resistance  level  and  can  fire  one, or two 
stages,  of  a two dual  inflator.  The  sensor  is  also  used to ann the  passenger,  door, and head  air  bsig 
systems  in  the  event  that  there  is  a  passenger.  The  sensor  can  be  used  as  a  base  for  other  fbnctio1:ls 
relative to occupant  safety in future  applications. 

3.6 - LEAD "E ES-TES 

The  lead  time  estimate for  developing  the  occupant  restraint  system  components  is  relatively  the 
same for  those  systems  evaluated in Task 00 1 and  Task  003.  New  items  introduced  in  Task  003 
do  not  involve  any  different  materials  and  manufacturing  processes  than those  already  required tc:, 
produce  the  components  used in the  systems  analyzed in Task 001. The  lead t h e s  for  the  variou ii 

subsystems  are  presented  in  Table 3-5. 
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Exploded View, Kia MY 1999 Knee  Bolster  Air  Bag  Assembly 

Exploded View, KIA MY 1999 Knee Bolster Air Bag  System 
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Figure 3-23 
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3.7 - CAPITAL INVESTMENT ESTIMATES 

The  capital  investment  required  for  producing  the  parts  and  components of the  occupant  restraint 
systems  for  plants,  property,  systems,  equipment  and  tooling  are  presented  in  Table 3-6. This 
Table also includes  the  estimated  depreciation or amortization  write-off  periods for these  asset 
categories. 
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